Students take three approaches to learning and studying: deep, surface and strategic, influenced by the learning environment. Following the General Medical Council's report ''Tomorrow's Doctors,'' a deep approach was cultivated in Years 1 and 2 of a university undergraduate medical programme by introducing explicit written learning objectives constructed according to Biggs' SOLO taxonomy, problem-based learning and constructively aligned in-course assignments and examinations. The effect of these changes was measured with the Approaches to Study Skills Inventory for Students (ASSIST). Scores were highest for a deep approach and lowest for a surface approach and showed relatively little change during the degree programme, apart from a slight fall in the scores for a surface approach, particularly for students undertaking an intercalated science degree. Possible explanations include: students' approaches may be established prior to university entry; deep scores were already high at the beginning of the programme and may be difficult to increase further; the changes in learning environment may not be strong enough to alter approaches which students perceive as having been successful.
F ollowing three editions of the report 'Tomorrow's Doctors' (1), UK medical schools have put much effort into realigning their curricula by reducing factual content and encouraging understanding. Problem-based learning (PBL) and other methods now have an established place in many curricula, and schools are inspected regularly to ensure that they comply with recommendations. It might be hoped that this would improve the ways in which medical students approach their learning and studying, but it is not clear that this is the case.
Aim of the study
The aim of this study was to investigate the hypothesis that the redesigned curriculum was successfully promoting a deep approach to learning and studying and deterring a surface approach in undergraduates during Years 1 to 5 of a medical degree programme.
The curriculum
This medical school implemented significant reforms to its MBChB programme, largely in response to the recommendations in the report 'Tomorrow's Doctors' (2) that medical schools adopt learner-centred and problem-based approaches that promote self-directed learning. This envisaged a core and options model based on a series of integrated body-systems in Years 1 and 2 and clinical systems in Years 3, 4 and 5. The multifaceted approach adopted to teaching and learning retained the familiar lectures, formal tutorials, skillsteaching and practicals, but embraced learner-centred and problem-based approaches by developing e-learning and including regular problem-based learning sessions. The term 'blended-approach' was sometimes used to describe the curriculum, as the taught content and the prepared self-study packages were co-ordinated into a clinically relevant contextual framework of predetermined learning objectives defined in module study-guides.
At the end of Year 2 around 40% of each cohort chose to take an intercalated degree, one consequence of which was that Year 3 had a substantial proportion of students who, it might be assumed, had benefited from an additional and intensive learning experience.
The ASSIST inventory
The intention to establish a 'foundation for competent and reflective practitioners' (3) was one that required evaluation to establish if the aspiration was being fulfilled. The Approaches and Study Skills Inventory for Students (ASSIST) was chosen as a credible instrument for the purpose (4).
The underlying philosophy comprises three approaches to learning and studying: deep, surface and strategic (5, 6) . Students taking a deep approach try to understand material, relate new ideas to prior learning and look for evidence. With a surface approach, students memorise information by rote, often concentrating on individual points, without recognising the wider context, and they may be relatively poorly motivated. Students adopting a strategic approach organise their work, manage their time effectively and aim to do well in assessments (7) . The score for deep approach aggregates the scores for four subscales: seeking meaning, relating ideas, use of evidence and interest in ideas. The score for strategic approach aggregates five subscales: organised studying, time management, alertness to assessment, achievement and monitoring effectiveness. The surface approach score aggregates four subscales: lack of purpose, unrelated memorising, syllabus-boundedness and fear of failure. One might optimistically hypothesise that the experience of being in higher education would tend to promote the deep and perhaps strategic approaches and diminish the surface approach.
One key factor that may affect students' approaches to learning is their perception of the learning environment (8Á12). A change in this perception may lead them to alter their learning approach (13Á15). Furthermore, several studies have linked students' approaches to learning and studying to their learning outcomes or grades, although the relationships found depended on the forms of assessment considered (7, 15Á18).
We have previously reported an evaluation of learning in early-years medical students and found that they had high scores for deep and strategic approaches and relatively lower scores for a surface approach (19) . The results showed little change in students' learning approaches during an academic year, even though efforts were made to encourage a deep approach through learning experiences that were linked to assessments (20) .
It has been suggested that the approaches to learning might, however, change over the five years of a medical degree program, if suitable efforts were made to promote such changes (21) . It is, moreover, a widely held view that student-centred activities such as problem-based learning (22) and curriculum alignment (10) promote deep learning in students (23) . There still appears to be no published evidence of a change in ASSIST scores in medical undergraduates due to the influence of curriculum development.
Methods

Data collection
The Approaches and Study Skills Inventory for Students (ASSIST) (7, 24) was used. It comprises 52 questions, each scored 1 (low) to 5 (high). The scores for sets of four questions were combined to yield subscales, and the resultant 13 subscales were then grouped to give each respondent a score for deep, strategic and surface approaches.
Successive cohorts of students in the study population were those who entered Year 1 in 2003Á2005. Each individual completed a paper version of the inventory early in Year 1 or 2. Students gave signed consent and supplied their matriculation number to allow comparison of paired scores. The students were asked to complete each inventory with regard to their approaches to studying in the preceding months. Later, the students, by then in Year 4 or 5, were asked to complete the inventory electronically. The results were imported into the Statistical Package for the Social Sciences (SPSS) and matched by matriculation number with the same students' scores when they were in Year 1 or 
Statistical analysis
The responses were imported into SPSS 14 and checked for reliability by calculating the Cronbach alpha scores (25) and for normality with QQ plots and KolgomorovÁ Smirnov tests. Responses between different cohorts were compared with paired t-tests.
Results
The scores for the scales and subscales for those students who completed both inventories are shown (Tables 1Á5).
All the scales achieved alpha scores over 0.79, and the subscales' scores were over 0.5, except the subscale syllabus boundness in Year 5, 2008Á09, which was 0.42.
Comparison between profiles over time Normality tests (QÁQ plots, one-sample KolmogorovÁ Smirnov tests) showed that the differences between the paired scores of individual students for the three scales at different times were normally distributed. This validated use of paired t-tests to compare the two sets. The slightly different numbers of paired observations is because not all students completed every item. In the cohort starting 2004 (Table 1) there was no significant change in the score for learning approach by the beginning of academic year 2008 (Year 5; for intercalating students, Year 4), although the fall in surface score almost achieved significance. In the surface subscales, the scores for unrelated memorising and fear of failure fell significantly. Curiously, the score for lack of purpose rose significantly.
In the cohort starting academic year 2005 (Table 2 ) there was likewise no significant change in the score for learning approach by 2008 (Year 4; intercalating students in Year 3). In the subscales for strategic approach there was a significant fall in the scores for alertness to assessment, achieving and a rise in monitoring effectiveness. In the surface subscales there was a significant rise in syllabus boundness and fall in fear of failure. When this cohort was tested the following year (Table 3 ) the rise in alertness to assessment and monitoring effectiveness persisted, but a fall in achieving was no longer evident; in the surface subscales there was a fall in fear of failure, but the slight rise in syllabus boundness did not achieve significance. The students who started in 2004 and then intercalated (Table 4) showed a significant fall in the surface score. Within this, the subscales for unrelated memorising, syllabus boundness and fear of failure all declined highly significantly. The strategic score increased by 6.57 and almost reached significance at 0.051. The deep score increased, but did not achieve significance, although the rise in the score for one of its subscales, interest in ideas, did.
The students who started in 2005 (Table 5 ) also showed a fall in the surface score, but this did not quite achieve significance, although its subscale, fear of failure, did.
Discussion
The evidence to support the hypothesis that deep learning may be promoted by a curriculum designed with that purpose in mind is worthy of discussion and includes three key points: the validity of the inventory and reliability of the results, the emergent trends about the student's approaches to learning and the likely influences of the curriculum. The inventory, ASSIST, is valid and internally consistent, as is born out by the high alpha scores within scales and subscales. It was, however, originally developed for a more general educational environment and may not be sensitive or specific enough to measure adequately the constructs of a deep approach to learning in the context of the medical curriculum. It is also possible that the way in which students completed the inventory did not reflect their true approaches to learning, especially if they answered the questions in a way that they thought would have been the approved answers. The inventory is a selfreporting instrument, with some of the inherent flaws that self-reporting brings. However, the possibility that their approaches may have changed but not their recognition of the fact seems less likely, as the high Cronbach alphas scores indicate a consistent pattern of response that would not occur if this was the case.
The emerging trends show that scores for deep and strategic approaches were relatively high and those for surface approach low at the start of the medical programme. There was a slight trend towards a rise in scores for deep and strategic approach, and fall in those for surface approach over Years 1Á5, but in only some cohorts were these statistically significant. This suggests that the students' approaches have changed, albeit slightly. Whilst the cause of this is not clearly understood, the most likely explanations are found within the learning environment of the students themselves, and more specifically, the curriculum.
The assertion that the curriculum has encouraged desirable approaches towards learning is based on a fundamental belief that the ethos of the school and the quality of the curriculum does make a difference to the outcomes of the students after any psychosocial factors have been taken into account (26) . Any interpretation of the results, therefore, must be seen from the perspective that the educational experience does shape the student to an indeterminate extent. In addition, it has been established that medical students are highly conscientious (27) , which supports the view that the nature of the curriculum must be a fundamental influential factor. However, the degree of influence remains uncertain.
With respect to Years 1 and 2 of the medical programme, it was suggested that measures to encourage students to adopt a deep approach to learning were not sufficient, and that the course retained too strong an emphasis on prescriptive-learning (19) . However, this does not account for the slight trend towards deep learning in Years 3Á5, which are the clinical rotations, and where 'organised learning' is reduced and there is no PBL. Learning takes place in and around a clinical environment, which is more 'true to life' for a doctor than the atmosphere of the university. The implication is that the balance between the students' approach towards learning continues to be restrained to some degree by the nature of the curriculum and the assessment strategy. Further uncertainty about this arises, as it is not clear why the alpha scores for syllabus boundness were lower than 0.5. The students are part of a composite course where openly declared written learning objectives provide guidance for teachers and students and in assessment. The substantial fall in surface learning in students who intercalated is of interest, although tempered by the small numbers. The students allowed to opt for an intercalated degree are selected on academic merit and whilst they are clearly able to learn the factual material, the results show that they do not follow the trend towards surface learning.
If it is in the nature of the students to adopt a deep approach to learning, why, then, did the scores for a deep approach not increase with a higher level of significance, despite concerted efforts to promote a learning environment that fosters the deep approach? There are several possibilities. Whilst certain measures for promoting a deep approach have been suggested in the literature (21), these have not been shown conclusively to work (28) . Even though efforts were made to encourage a deep approach to learning, it may be that the patterns of teaching and learning may be so ingrained in a relatively traditional medical school and that attempts to change the style of the curriculum to a less didactic approach were insufficient to overcome a cultural inertia.
There is a possibility that the students' approaches to learning and studying may have consolidated before they reach the age of entry to university (typically about 18 years of age). If this is so, then students who enter Year 1 of a medical programme tend to continue to use their study skills as a teleonomic or Pavlovian habit and do not wish or even know how to change them and a student's approach to learning is a fixed entity and capable of only limited change, irrespective of environment. The students have entered what has been described as a 'hybrid curriculum', with varied teaching and learning methods. Such a curriculum would accommodate the students' existing approaches and provide sufficient flexibility for them to perpetuate their familiar approach, but not enable them to adapt to a new approach. However, the results show that some change has occurred, which is against this assertion. There is evidence that, over time at university, students develop a less deep and more surfaceorientated approach (29) . If this is the case, then the results suggest that the curriculum design has been successful in overcoming this trend and has modified the established habits of learning to a small degree. It is also the case that the timetable imposes a routine pattern of teaching and that students establish learning behaviours to accommodate it. The time apportioned to activities that promote deep learning may not be sufficient to overcome the weighting that the student places on surface learning. The approach to learning and studying that students adopt is, of course, determined, not by the learning environment, but by students' perceptions of the learning environment. These are difficult to predict. For example, in a study (30) using semi-structured interviews with Year 2 medical students, it was found that self-directed, problem-based and vocationally relevant activities promoted high-quality learning, but this was restricted by various factors, including perceived lack of useful feedback and the quantity of information to be assimilated. Study strategies are, of course, determined by the students' own cognitive and metacognitive strategies (31) .
The role of PBL may not be as straightforward as once thought. In one study (32) it was found that when PBL was introduced into a course, students' approaches to learning changed in a complex way, some students being driven towards a surface approach and some towards a deep approach. Conversely, in another study (33) it appeared that deep and strategic students preferred PBL. The mode of curriculum delivery shifts when students leave Year 2 (a university-based environment, with a mixed mode of teaching, that includes PBL) and enter Year 3 (a clinical environment, without PBL), but the results do not suggest that the absence of PBL causes the change in the student's individual approach.
Conclusion
This study has shown that medical students have high scores for deep and strategic approaches to learning and studying and lower scores for a surface approach, but that, even when efforts were made to promote a deep approach, little significant change in these scores occurred during the whole of the medical degree programme, apart from some tendency for the surface approach to lessen. Either their approaches are not susceptible to change or else the learning environment may need to alter more drastically than hitherto. Further studies should be undertaken in schools that declare themselves to be 'PBL' or 'traditional' to explore further the influence of the style of the curriculum.
